Networks are well understood as crucial to the diffusion of HIV among injection drug users (IDU), but quasi-anonymous risk nodes -such as shooting galleries -resist measurement and incorporation into empirical analyses of disease diffusion. Drawing on network data from 767 IDU in Bushwick, Brooklyn, we illustrate the use of calibrated agent-based models (CABM) to account for network structure, injection practices, and quasi-anonymous transmission in shooting galleries. Results confirm the importance of network structure and actor heterogeneity to the magnitude and speed of HIV transmission. Models further demonstrate that quasi-anonymous injections in shooting galleries increase the speed of HIV diffusion and have the greatest impact on HIV seroconversion levels for IDU at the network periphery. Shooting galleries are shown to be transmission hubs that operate independently of traceable structural ties, linking otherwise unconnected network components. CABMs demonstrate potentially increased understandings of HIV diffusion dynamics by infusing computer simulations with empirical data.
Introduction
The injection of illicit drugs is associated with various harms, including the spread of blood-borne disease such as HIV (Aceijas et al., 2004) . While HIV infection among injection drug users (IDU) has decreased in some settings, such as the US (Hall et al., 2008) , in other contexts, including Eastern Europe and Central Asia, rates of transmission among IDU remain alarmingly high (UNAIDS, 2010) . Networks are crucial to understanding the diffusion of HIV infection among IDU. The mixing patterns of individuals, when combined with the non-random distribution of HIV-risk behaviors within social networks, have demonstrated that the structure of social networks has implications for HIV transmission over and above the effects of individual characteristics and behaviors (Klovdahl, 1985; Friedman, 1995; Potterat et al., 1999) .
Despite the importance of network structures to disease diffusion, less is known about the role and impact of quasi-anonymous disease transmission hubs such as shooting galleries, where individuals know little or nothing about their injection partners (Friedman et al., 2007) . Shooting galleries are often omitted from models depicting the spread of HIV disease. They transcend the traceable structures of the network and form supra-structural nodes having potentially significant impacts on patterns of disease diffusion. Existing studies that consider these dedicated mixing sites generally use compartmental or differential equation (DE) models (see, for example, Volz et al., 2011) . We propose the use of another promising methodological strategy -calibrated agent based modeling (CABM) -to isolate the potential effect of shooting galleries on HIV diffusion in risk networks of IDU. The purpose of the current study is therefore to apply calibrated agent based models, a network-based analytical strategy, to explore how suprastructural network nodes impact the transmission of HIV in a network of IDU.
Previous research has established the role of social relationships in the diffusion of HIV among IDU, demonstrating that they matter for both individual risk behaviors (Tyler, 2008) and HIV infection (Goodreau, 2006) . Social influence has been suggested as a crucial mechanism by which network structure and levels of social integration predict individual health outcomes (Berkman et al., 2000) . This influence may operate, for example, through processes related to the diffusion of individual behavior or norms (Rogers, 2003; Latkin et al., 2010) or personal network exposure, which describes the extent to which a network member is exposed to a particular practice (Valente, 2005; Gyarmanthy and Neiagus, 2005) . Empirically, drug using practices of "alters" (i.e. an individual with whom a person shares a tie, here an injecting partner), consistently predict the drug using practices of network "egos" (i.e. the individual in question) in terms of syringe sharing, shooting gallery attendance, renting syringes and sharing other equipment, such as drug cookers (Neaigus et al., 1994; Latkin et al., 1995) .
Other research illustrates that the structure of drug user networks is important for disease diffusion. Existing studies suggest that the spread of HIV infection is contingent upon network structure, behavior associated with increased HIV risk, and the location of HIV infiltration and concentration within the network Price et al., 1995; Rothenberg et al., 1995; Rothenberg et al., 2001) . For example, in Colorado Springs, HIV positive members of the IDU network are peripherally and weakly connected to larger network chains, suggesting a network structure that does not facilitates active propagation (Rothenberg et al., 1995) . In St. Louis, HIV is concentrated among injectors whose close social connections are exclusively with other drug injectors. In this case, isolated, closed networks may reduce viral spread (Price et al. 1995) . IDU in Atlanta connect heterosexual and men-who-have-sex-with-men (MSM) populations, thereby indirectly driving extensive HIV transmission (Volz et al., 2010) . In New York research identifies large, densely connected network components that include a network core with proportionately higher HIV prevalence rates than other network members , thereby facilitating greater and more rapid spread of HIV throughout the network. Spread may also depend on the location and connectivity of individuals with relatively more infectious acute HIV infections (Friedman et al., 2000) .
Despite the identification of highly consequential network characteristics, networkfocussed studies of HIV diffusion among IDU face considerable obstacles, including difficulties obtaining reliable and complete network data for IDU. Linkages between network members may be short term and between people who either do not have reliable data about one another or who are reticent to name their associates. IDU may avoid identification by researchers or other officials because of the illegal nature of some of their activities. Subjects may also have difficulty recalling with whom they have interacted and of what their interactions were comprised (Friedman, 1995) . Further, variability in the duration and content of linkages between network members makes it difficult and highly resource intensive to account for network dynamics over time. The dynamic, concealed and potentially chaotic nature of IDU networks makes them hard to reliably quantify.
Particularly relevant to the current study are injection environments that present particular challenges for the mapping and modeling of network processes, such as shooting galleries. Shooting galleries are clandestine locations where the rental and multi-person use of injection equipment commonly occurs. Shooting galleries form and dissolve rapidly and unpredictably, and may involve IDU that are unknown to each other and otherwise unconnected in the broader risk network. Shooting galleries have been identified as HIV 'risk environments' (Rhodes et al., 2005) and have been associated with non-recreational, high intensity drug injection and higher exposure to HIV disease and substantially elevated risk for HIV infection (Chitwood et al., 1990; Des Jarlais and Friedman, 1990; Klein and Levy, 2003) . HIV transmission in shooting galleries may occur through the sharing of injection equipment between shooting gallery attendees who may or may not otherwise know each other or through the use or rental of previously used injection equipment. Previous research acknowledges the relevance of such "quasi-anonymous risk nodes" (Friedman et al., 2007: 645) , which include group sex events, bathhouses and shooting galleries. Similarly, other studies have identified supra-individual network components that are important to disease diffusion, notably Klovdahl et al.'s (2001) seminal study of tuberculosis transmission in public places. In these contexts, conventional probes to name network members fail to identify entire sections of an individual's risk network (Friedman, 1995) . Quasi-anonymous risk nodes therefore resist measurement and incorporation into empirical network analyses of disease diffusion.
These challenges often prompt researchers to use simulation models of HIV transmission among IDU (Allard, 1990 , Peterson et al., 1990 Iannelli et al., 1997) . Many of these studies take contact and/or network structure into account. Kretszschmar and Wiessing (1998) demonstrate how random versus non-random mixing greatly elevates HIV prevalence. Zaric (2002) also compares the impact of random vs. non-random mixing, noting that the assumption of random mixing may lead to higher incidence and prevalence but is generally not an appropriate modeling assumption. Kiss et al. (2008) compare assortative vs. disassortative mixing patterns on epidemic dynamics, demonstrating that with assortative mixing, outbreaks occur at lower infection rates with faster epidemic growth and shorter epidemic duration. Other simulations take shooting galleries or dedicated mixing sites into account. For example, Kaplan (1989) models a homogeneously mixing population in which all needles are shared in randomly selected shooting galleries. Greenhalgh and Hay (1997) incorporate the effect of behavior change on transmission, showing a reduction in HIV transmission when injection equipment is cleaned after use. Atkinson (1996) simulates HIV spread in a single high-volume shooting gallery with varying numbers of partners and injection frequencies. These studies generally use compartmental or differential equation (DE) models that aggregate individuals into compartments within which they are considered to be homogeneous and well mixed (Zaric 2002; Rahmandad and Sterman, 2008) . However, a systematic comparison of agent based and DE models in the context of diffusion suggests that ABMs are better able to examine heterogeneity in individual attributes and network structures (Rahmandad and Sterman, 2008) . They are also better equipped to represent complex social structure or mixing patterns that depend on network structure (Zaric, 2002) , and have been recently employed to effectively describe drug markets and HIV transmission patterns as complex adaptive systems (Hoffer et al., 2009; Cui et al., 2009 ).
To our knowledge no one has to date quantified how shooting galleries impact transmission dynamics by demonstrating the impact of shooting galleries as quasi-anonymous risk nodes in a network context. This is a potentially consequential omission: shooting galleries combine multiple epidemiologically important network characteristics including concurrent injection partnerships (Watts and May, 1992; Morris and Kretzschmar, 1997; Curtis et al., 1995) involving core network members (Morris, 1995; Friedman et al., 1997a; Goodreau, 2006) who act as bridges (Morris et al., 1996; Volz et al., 2010) across otherwise unconnected parts of the risk network. The current study outlines a calibrated agent based modeling strategy that combines both network analysis and information about individual injection behavior to characterize the role of shooting galleries as quasi-anonymous risk nodes that impact HIV diffusion patterns and incidence levels among IDU.
Material and Methods
Agent-based modeling (ABM) simulates the interactions of individual agents who are connected to each other in social, structural or normative environments whereby individual behaviors, decisions and interactions at the micro-level are shown to produce broader macrolevel trends (Gilbert, 2008) . They are distinct from other types of simulations by generating outcomes and predictions from bottom-up, that is, as product of individual 'simulated' behavior (Gilbert, 2008) . Only a limited number of ABMs have addressed HIV infection (Alam et al., 2007; Cui et al., 2009 ).
While ABMs have traditionally been employed in theoretical contexts (Macy and Willer, 2002) , data driven ABMs are becoming increasingly common, and the ability of ABMs to incorporate empirical data warrants further attention (see Cioffi-Revilla, 2010 , Hedström, 2006 , Janssen and Ostrom, 2006 , Moss, 2008 , Poteete et al., 2010 , Windrum et al., 2007 . In so-called calibrated agent-based models (CABMs), real-world information is used to inform model assumptions. Because different, often arbitrary, model specifications can significantly alter the interplay of agents and their environments, ungrounded model specifications can inappropriately drive results. Emulating a real-world context addresses such difficulties by empirically justifying model design and decreasing the number of assumed parameters. Model calibration also allows for richer model specifications, particularly those related to actor and network heterogeneity. In addition, in situations where complete socio-demographic and network information about individuals is difficult to obtain, but some overall population information is available, as in the case of IDU, CABM's permit variation in the dimensional complexity of a model while holding general population aggregates at constant values. By doing so, the relevance of certain micro-structures and micro-mechanisms for the observed outcome can be disentangled. This is the strategy applied in the current study.
Real-world context
We derive a set of nested models that have the same population values for network size, number of injections, number of injections with shared syringes and overall number of injecting partners or links in the network. These values are derived from existing studies and are kept constant at the aggregate level in all models. As we increase model complexity, we redistribute these quantities according to subgroup-specific information that is likewise empirically substantiated. Incremental recalibration for each successive model isolates the effects of a particular change on the rate and magnitude of total and proportional HIV diffusion. Models remain comparable as a result.
Data used to derive these overall population values come predominantly from published studies of the 'Social Factors and HIV Risk' (SFHR) study conducted in Bushwick, Brooklyn , Friedman et al., 1997a , Friedman et al., 1999 , Kottiri et al., 2002 . The study employed targeted sampling and chain referral between July 1991 and January 1993 to recruit people who had injected drugs in the prior 12 months. Data from the study include information on drug use, HIV risk behavior, demographic characteristics, network structure and roles in the street economy. Curtis et al. (1995) , Neaigus et al. (1995) and Friedman et al. (1999) provide detailed descriptions of this data and information about three subgroups within the population: a core group, an inner periphery and an outer periphery. They also provide estimates about the average number of injecting partners (i.e. potential syringe sharers) in each of these three groups during the last 30 days. Core members are high intensity drug users who are more likely to engage in high risk behavior with both seropositive and seronegative injectors, share drugs with each other, be distributors, use shooting galleries, and sell syringes to other people. Inner periphery members inject less frequently, but are generally daily injectors who often share drugs, attend shooting galleries and share syringes at levels marginally lower than that of core network members. Outer periphery members are much less likely to use shooting galleries and share syringes, report lower levels of injection and injection partnerships, and often purchase drugs in the neighborhood that they then use in their own homes. Information about individual injection and injection-related risk behavior is reported for the last 30 days, and in order to optimize calibration efforts, simulations are run using this monthly time scale. This strategy avoids additional manipulation of existing data such as, for example, the non-trivial determination of the number of individuals' injection partners in a single day, or the recurrence of syringe sharing between partners across a smaller time scale. Implications of this modeling decision are further discussed in the limitations section.
The Bushwick studies do not provide estimates of how often IDU who report syringe sharing or shooting gallery attendance actually participate in these practices, it being unlikely that IDU who report these behaviors do so for all injections. We therefore rely on other studies of similar populations to derive estimates of the proportion of total injections that involve the sharing of syringes to be between 30% and 50% (Laufer, 2001; Wood et al., 2001; Ouellet et al., 2004) . Based on these estimates the current analysis constructs a group-specific gradient (core = 50%, inner periphery = 40%, outer periphery = 30%). Shooting gallery usage is derived similarly.
For those that do not share injecting equipment and those who do not attend shooting galleries, the probabilities of these activities are set to zero. Tables 1 and 2 give an overview of the empirically substantiated scores that we use for model calibration and the studies from which these scores were retrieved. We also use this information to derive overall total population values for the parameters at hand (such as the total number of injections in the network). Population aggregate values are summarized in Table 3 and include the total population size (767), the number of syringe sharers (163), the number of shooting gallery users (146), the total number of injections in one month (72055) and the total number of non-directed links in the network (661).
Analytical strategy and models
Our strategy is to develop a series of four CABMs that explore how diffusion patterns change depending on the level of structural complexity accounted for in the model. Keeping the aggregate population values constant in all models, we incrementally redistribute aggregate information across the core, inner periphery and outer periphery according to the subgroupspecific information described above. We subsequently examine the effect of these redistributions. Because the overall socio-metric information is the same, models are comparable and the differences in outcomes between models are uniquely attributable to differences in network structure and actor heterogeneity. The first three models describe HIV transmission accounting for network and actor heterogeneity. The fourth model incorporates shooting galleries as quasi-anonymous risk nodes.
Transmission of HIV through the network
In the first three models, the probability for HIV seroconversion of an agent i at time t is determined as follows: T equals the probability of infection given injection with a shared, contaminated syringe, 0 ≤ T ≤ 1. CC it is the number of critical contacts, or number of times i could have been infected at time t.
The critical contacts CC it are limited by i's injection frequency and how risky these injections are. We define ;
where I i is the number of injections of agent i during time period t and R it , or the risk factor, is a number that ranges from zero to one which is determined by ( 
where SH i is the proportion of injections where agent i shares syringes, 0 ≤ SH i ≤ 1; N is the total number of agents; X ij indicates whether i and j are injecting partners (1 if they are linked, 0
otherwise; in the model network links are undirected and assumed to involve both receptive and distributive syringe sharing) and HIV jt-1 indicates the HIV status of agent j at time t-1 (1 when j is HIV positive in t-1, 0 otherwise). The risk factor represents the share of overall injections with network links j that could potentially cause HIV infection. The risk factor is therefore determined by the probability of i sharing syringes with j at time t, the HIV status of agent j at time t-1, and the relative importance of agent j in the ego-network of i. The last component reflects the idea that the probability that agent i will inject with j is higher when j is a heavy-user. Here, we assume that the relative importance of j for i is proportional to the injection frequency of j relative to the injection frequency of all other acquaintances of i.
The first model is the most basic, with no differentiation occurring between agents or network components. The population has 767 agents, with 661 non-directed links between them.
The network is constructed under a mixing assumption where links are formed randomly. Agent Table 1 ) and the mixing preferences (see Table 2 ) for agents in each of the core, inner periphery and outer periphery sub-groups. Core members have a mean number of 12.8 links,
inner periphery an average of 5.2 links and outer periphery members 0.5 links on average . The algorithm used to draw the network from this information is based on the following steps: (1) each agent is assigned a preferred number of links (or link quota) depending on their group membership, normally distributed around the mean for each group with a standard deviation of 0.1 multiplied by the mean; (2) a random agent (ego) is chosen and the preferred group for a link for that IDU is identified, based on the description of the network in Curtis et al.
(1995) (see Table 3 ); (3) a member of the ego's preferred group who has also not yet filled their link quota is selected (alter); if no member of the preferred group is available then another random agent that has not filled its quota is randomly selected and (4) a link is established between ego and alter, which increases the number of realized links for both ego and alter. As in Model 1, monthly injections are distributed at random over the population and there is no difference from Model 1 in terms of syringe sharing and shooting gallery usage. Model 2, when compared to Model 1, isolates the effect of non-random network structure where the number of links per person depends on the membership of individuals in the core, inner periphery or outer periphery sub-groups.
In the third model, we additionally calibrate the injection behavior of agents according to their group membership using the data described in Table 1 Model 3 to Model 2 isolates the effect of group specific injection behavior on disease diffusion.
HIV transmission in shooting galleries
The final model, which incorporates shooting gallery participation, adds the additional consideration of the proportion of a shooting gallery users' injections that actually occur in the shooting gallery for both agent i and all agents k with whom agent i injects. Here the number of critical contacts of an agent i at time t depends not only on the HIV infections in the ego-network of i, but also on that of anonymous contacts. It is given by:
; (5) where SG i represents the proportion of injections for agent i that occur in shooting galleries, I i represents the total monthly injections of i, R it is the risk factor of agent i at time t and RG it is a risk factor specific to shooting gallery injections. This is defined as:
where SH i is the proportion of injections where i shares syringes, SG i is the proportion of i's injections that take place in a shooting gallery, I i is the number of monthly injections of i and HIV jt-1 is the HIV status of j at time t-1. Again, the idea is to weight the importance of others by their injection frequency. In this case this is the number of times that they inject in a shooting gallery. The denominator of the first bracketed term represents the total number of injections of all agents k that take place in a shooting gallery. When the numerator of this term, representing the total number of injections of a single agent j taking place in shooting galleries, is divided by the denominator, we get the relative importance of actor j in the shooting gallery scene. Taken cumulatively across the whole network, we thereby account for the fact that some people are more likely to be met in shooting galleries than others.
We know that 20 core group, 34 inner periphery and 92 outer periphery group members report injecting in a shooting gallery. Again, we draw on reasonable assumptions (see Table 1 ) to model a gradient in terms of actual probabilities of a given injection taking place in a shooting gallery. We assume these probabilities to be 0.5 (core), 0.4 (inner periphery) and 0.3 (outer periphery) for those who attend shooting galleries and zero for those who do not. A total of 8231 injections take place in shooting galleries, though not all are with shared syringes. Model 4 also incorporates individual level variation around the subgroup means. Contrasting Model 4 with Model 3 allows us to isolate the effect that quasi-anonymous shooting galleries have on disease diffusion patterns. Table 4 summarizes the specification of all four models.
-----------------------INSERT TABLE 4 AROUND HERE ----------------------------

Additional considerations
In disease diffusion simulations, it is generally acknowledged that there is a trade-off between maintaining simplicity in order to allow the process and effects to be clearly understood, and representing the complexity inherent in the social environment (Sallach and Macal, 2001, Raboud et al., 2003; Goodreau, 2006) . In order to examine the independent effects of anonymous syringe sharing in the absence of confounding factors, we intentionally omit a number of factors, assuming no movement in and out of the population because of death or migration (Zaric, 2002; Raboud et al., 2003) , no network change in time, and socio-demographically indistinguishable actors, even though there is some evidence of differences in syringe sharing practices and shooting gallery attendance along demographic and socio-economic lines (Sherman et al., 2001; Pouget et al., 2005) . Like Kretzschmar and Wiessing (1998) we set the rate of infectivity per shared syringe at 0.02 among serodiscordant injection partners, assuming, as in prior studies, no variable infectivity (Morris and Kretzschmar, 1997, Goodreau, 2006) despite the considerable evidence that infectivity varies according to the stage of infection (Longini Jr et al., 1990 ). These assumptions make it possible to state that differences in outcome are due solely to the parameters examined in each successive model. The unit of time t in our study is set at one month to correspond with the empirical information available for calibration. While monthly time intervals are reasonable periods for the modeling of injection behavior, within-month dynamics are ignored by this assumption.
In all models we infect six seeds with HIV and observe disease diffusion patterns. In
Model 2 to 4, these seeds are equally distributed with two in each of the three sub-groups. Each model specification is simulated for 48 time periods (corresponding to a four year period) and repeated in 1000 simulation runs. The results represent average HIV seroconversion rates across multiple repetitions for a relatively large network, and are thus reliable estimates of the dynamics of HIV transmission over time. Analyses are conducted using NetLogo 4.0 (Wilensky, 1999) .
Results and Discussion
Simulation results are summarized in Table 5 , which displays the average seroprevalence levels after 48 months, and shows that as model complexity increases so do levels of HIV with a simple shift to the right indicating a greater number of total infections.
-----------------------INSERT TABLE 5 AROUND HERE ---------------------------------------------------INSERT FIGURE 1 AROUND HERE ----------------------------
The results of the four CABMs in the current study are depicted through diffusion curves that show the average level and rate of HIV diffusion for each network subgroup across the 48 monthly cycles of each model. -
Implications of Results
Networks have long been considered to be important for the diffusion of HIV among IDU.
Such network studies, however, underestimate the importance of potentially anonymous disease transmission vectors, like shooting galleries, for disease diffusion. This study proposes a novel methodological strategy -calibrated agent-based modeling -to introduce supra-structural nodes operating as quasi-anonymous transmission hubs within a network paradigm. A series of four CABM's demonstrate how HIV diffusion patterns change depending on the level of complexity accounted for in the model. The calibration of computer simulations is particularly appropriate to the exploration of social contexts embedded in networks in which it is possible to obtain only egocentric behavioral information, such as shooting gallery participation. This type of phenomenon, characterized by potential anonymity of HIV transmission and resistance to quantifiable observation, eludes other network oriented research techniques such as name elicitation. In the current analysis, we use CABMs to examine the potential impact that suprastructural nodes have on diffusion patterns, demonstrating not only that shooting galleries impact the rate of transmission of HIV among IDU, but also the ways in which these impacts are felt at different points in time. Here, methodological symbiosis between ethnographic observation and CABMs empirically grounds a systematic exploration of mechanisms responsible for the spread of HIV.
Results demonstrate distinct patterns of HIV diffusion that are contingent on preferential mixing patterns, network location-specific injection behavior and whether or not IDU inject and share syringes in shooting galleries. The findings of the current study are in line with prior studies (Friedman et al., 1999; Zaric, 2002; Goodreau, 2006; Kiss et al., 2008) . Notably, the differences in magnitude, speed and distribution of disease transmission found here are only apparent when the impacts of these patterns are assessed as they develop over time. We also demonstrate that disease transmission increases when injection behavior is network location specific, suggesting multiplicative effects when behaviors that are conducive to viral spread systematically map on to network structures known to effectively transmit infectious disease.
Finally, we show not only that shooting galleries impact HIV diffusion, but also how it is that shooting galleries operate as disease transmission hubs once HIV infection is present in a given population of IDU. They accelerate the initial rate of transmission among more centrally connected individuals, and sustain a more gradual rate of infection over time among more peripherally connected individuals. Including shooting galleries in the model modifies the structural constraints of the network, creating supra-structural nodes that operate independently of the network's formal ties. HIV transmission is therefore able to bypass conventional structural constraints. As quasi-anonymous risk nodes, shooting galleries are potentially highly effective HIV transmission vectors. They are disproportionally attended by relatively more connected core and inner periphery network members, operate as bridges that connected otherwise distinct network components, and increase the probability of concurrent high-risk injection relationships because of elevated levels of syringe sharing reported to occur within shooting galleries (Chiasson et al., 1987; Des Jarlais et al., 1988) . The convergence of multiple network microstructures known to facilitate the transmission of infectious disease in a single injection environment explains why the presence of shooting galleries represents a network condition under which viral spread is efficient, effective and sustained.
The current study involves a number of limitations. Some of these were inherited from the original Bushwick study and two in particular may have resulted in the underestimation of the size of individual risk networks: (1) a social desirability bias from the underreporting of the number of people with whom a participant injected drugs and (2) a research design parameter that limits the number of people an individual can name as a part of their risk network (Kottiri et al., 2002) . Other limitations result from intentional omissions of sources of heterogeneity in order to isolate the specific impact of shooting gallery attendance. These include a lack of network entry and exit due to death or migration and a population that is assumed to be sociodemographically homogenous. We also do not account for the sexual transmission of HIV, likely resulting in an underestimation of HIV incidence. One omission that warrants further consideration is the use of a constant rate of infectivity over time. While consistent with previous studies, (Kretzschmar and Wiessing, 1998; Morris and Kretzschmar, 1997, Goodreau, 2006) (Abdala et al., 1999) . Such heterogeneity in infectivity would most likely emphasize the role of local structures in spreading HIV, and inhibit the spreading of the virus to individuals in the periphery, given these individuals are less likely to interact with individuals in acute stages of infection. Relaxing the assumption that the network is static and closed could also be an interesting avenue for further exploration. Over time there will inevitably be changes in network structure as individual injecting relationships change and as individuals enter or exit the network due to relocation, migration, movement in and out of the justice system, changes in drug use patterns or death. Network dynamics have the potential to both create linkages with other networks outside the system and to change structural constraints within the existing network, and as such could either propagate infection to or from networks outside the system depicted in the current study or confine HIV infection to localized reservoirs, depending on the location, type, and number of changes. Assessing the impacts of these and other model assumptions could prove to be fruitful lines of future inquiry.
Conclusions
Shooting galleries, where individuals may share injecting equipment with people they do not know, or inject with used syringes whose previous users are unknown to them, represent high-risk injection environments that may be vectors of quasi-anonymous HIV transmission. The current analysis is able to both isolate the impact of different network dimensions on disease diffusion and to explore the consequences of network structures that simultaneously facilitate concurrency, operate as cores, and create epidemiological bridges. The potential impact on disease diffusion are important: we show that these environments increase both the speed of HIV infection among the most connected in the network and the number of HIV infections among those who are the least well connected.
The use of CABMs to enhance our understanding of phenomena that are difficult to accurately quantify is potentially crucial to a more robust understanding of disease diffusion. The methodological symbiosis demonstrated in the current study allows for the combination of preexisting data with a systematic modeling of the impacts that different dimensions of network structure and network location-specific individual behavior. We are therefore able to directly link how changes in micro-level individual behavior, when combined with structural and suprastructural network components (such as shooting galleries), impact transmission dynamics, resulting in a more detailed understanding of a macro-level phenomenon. Results combine the context-specific acuity of qualitative and ethnographic work with the analytical rigor of quantitative research, and the dynamics of diffusion are shown over time. Curtis et al. (1995) , N=Nieagus et al. (1995 ), L=Laufer (2001 , O = Ouellet, Huo, and Bailey (2004) Curtis et al. (1995) 
